The Banei draft racehorse is a heavy draft horse bred for unique racing, which is only conducted at four racecourses in Hokkaido, Japan. The horses pull an iron sleigh, weighing from about half a ton to one ton, along a 200-meter straight sandy track with two small humps of 1.0-and 1.6-meter in height. The dynamic Banei race, which enjoys a large following, originated as a popular game among local people in horse-breeding areas in the Hokkaido and Tohoku regions. In 1997, there were 729 registered Banei draft racehorses in Japan, and one-third of them were 2-year-olds. In order to qualify to race, the horses must pass the performance test races that have the same rules as the official Banei draft horse races. The performance test is held in April to July of every year, and only 259 horses out of the 1896 tested horses passed the test in 1997.
In the fifties, some research reports appeared on the pulling ability of draft horses in Japan [7, 9] . Since that time, because little research has been done on draft horses, this study aimed to investigate relationships between body measurements and racing performance in Banei draft racehorses. The principle component analysis, a statistical method that has been useful in elucidating the structural relationships among body measurements of animals, was employed [1, 10] . Racing performance of Banei draft racehorses was measured by earnings, which parameter has been used in several previous reports [13] .
Materials and Methods
In December 1992, five hundred and eighty-four (584) Banei draft racehorses in residence at the Obihiro Racing Stable, Obihiro, Hokkaido, were used in this study. The age and sex of the animal subjects are shown in Table 1 . Draft horses 2-, 3-to 4-, and 5-to 10-years old comprised 30%, 36%, and 34%, respectively, of the total number of horses. Males accounted for 80.3%, females for 17.5%, and 2.2% were castrated. Ninety-four point seven percent (94.7%) were crossbreeds of heavy draft horse. Other breeds were Percheron and Percheron grade (4.8%) and a Belgian breed (0.5%). The parent breeds of the Banei draft racehorses are shown in Table 2 . Sixty point three percent (60.3%) of the total number of sires and seventy-three point three percent (73.3%) of dams were cross-breeds.
Body sizes of the Banei draft racehorses were measured (Fig. 1) . The body measurements included height at withers (WH), height at croup (CH), body length (BL), chest depth (CD), chest width (CW), hip width (HW), croup width (CrW), rump length (RL), chest girth (CG), cannon bone circumference of the left front leg (CO), and body weight (BW). In addition, leg length (LL) was determined by subtracting chest depth from withers height.
For each animal, the record of the number of races entered, earnings in 1992, lifetime cumulative earnings, time on performance tests, and moisture of racing tracks at the time on the performance tests were [1, 2, 11] was used to clarify the structural characteristics of the horses. The abbreviation PC in this paper represents principal components. To investigate how factors of body conformation affected earnings per race, the first six principal components (PC1 to PC6), sex, age groups, and interaction of sex and age groups were considered as variables in the General Linear Model (GLM) procedure of the Statistical Analysis Systems (SAS) [12] .
The values of earnings per race were transformed to logarithmic values for normal distribution. The time on the performance tests was corrected for the moisture content of the racetrack.
Results and Discussion
The means of body measurements of the Banei draft racehorses are shown in Table 3 for three age groups. The data show that all body measurements of 2-year-old horses except leg length were significantly smaller than those of horses 3 to 4, and 5 years old and older. Findings confirmed that up to 2 years old is the growing period of Banei draft racehorses. Green [4] reported that growth of the skeleton continued until the fourth or fifth year of life. It was found that height measurements stop increasing at an age younger than 4 years, and that the cannon bone grows thicker up to 8 years of age. These findings indicate that the leg bone of the draft horses grows rapidly in length when the horse is young, then grows slowly in thickness as the horse ages. Dawson [3] reported that males tended to be larger than females, and appeared to mature more slowly. In this study, however, hip width, croup width, and rump length of females were greater than those of males. It should be taken into consideration that the greater hindquarters on females are related to aspects of reproduction. In contrast, in the oldest group, males h a d g r e a t e r c h e s t w i d t h a n d c a n n o n b o n e circumference than did females (p<0.05). Green [4, 5] found that the average measurement of the cannon bone circumference of males was greater than that of females.
In the case of most parameters, the relationships among body measurements were significant (Table 4) . Body weight was significantly related to all body measurements. A highly significant correlation was found between body weight and chest girth, croup width, and body length. The leg length was negatively related to some body measurements except withers height and croup height. No significant correlation w a s f o u n d b e t w e e n c h e s t w i d t h a n d h e i g h t measurements. The correlations among body measurements observed here are in agreement with the results of Saastamoinen on Finnish horses [10] .
A principle component analysis was applied to describe body conformation based on several unrelated components. The eigenvectors and eigenvalues of the first six principle components are shown in Table 5 . These components were determined from the twelve body measurements of all animals. The PC1 values for all measurements except leg length were positive. Body weight, chest girth, hip width, croup width, body length, and chest depth received relatively large eigenvectors. These measurement positions were highly correlated, as shown in Table 4 . It was confirmed that PC1 contrasts "large" or "small" in terms of general body size, or "heavy" or "light" in terms of body weight. In PC2, the leg length, withers height, and croup height received relatively large positive eigenvectors and the width measurements received a negative value. PC2 therefore describes the "tall and narrow" or "low and wide" characteristics of body conformation. These first two components together accounted for 58% of the total variation. Additional components also seemed useful to characterize the body conformation. PC3 characterized a horse with a thick cannon bone, wide chest and short, narrow hindquarters. PC4 were characterized by a wide chest and hindquarters, long legs, and a shallow chest. PC5 were characterized by long rump length and PC6 were characterized by a short body length and a wide chest.
In this study, earnings per race were analyzed to d e t e r m i n e t h e r e l a t i o n s h i p b e t w e e n b o d y conformation and racing performance. The results of GLM are shown in Table 6 . PC1 affected the earnings per race with high significance (p<0.001). This finding indicated that general body size and body weight were fairly important factors in the ability of the Banei draft racehorse to pull a heavy sleigh. Ishizaki [7] found a highly significant relationship between the ability to pull a maximum load and body weight in a pulling test of maximum power. PC6 did not affect the earnings significantly in Table 6 . Notably, however, the effect of PC6 was negative; the horse that was short in the body and had a wide chest tended to earn less than horses of other builds. Age was also related to earnings per race. The least square means of the earnings per race for the Table 3 . The values above diagonal are for males and the values below diagonal are for female.
2-year-old, 3-and 4-year-old, and 5-year-old and older horses were 97.7, 83.2, and 72.4 × 1,000 yen/race, respectively. The finding that the older horses earned less money per race does not imply that older horses are inferior to younger horses. Because the Banei race was conducted according to classification and handicap rules, a horse that had demonstrated high earnings was placed in an upper grade of race and had to pull a heavier sleigh. The races of 2-year-old horse were conducted beside races of older horses. The times of the performance tests for the 2-year-old horses were available and could be considered in assessing the relationships between body conformation and racing performance. The results of PC analysis and GLM on 2-year-old male horses are shown in Tables 7  and 8 , respectively. The first three principle components in Table 7 were almost parallel to those in Table 5 . In Table 8 , PC1 of the 2-year-old horses was a significant factor in the time on the performance test (p<0.01) and in earnings per race (p<0.001). This result confirms that general body size has a significant effect on a young horse's ability to pull a sleigh. PC4 negatively and PC5 positively affected the earnings per race (Table 8 ). PC4 was characterized by small cannon circumference and body length, and PC5 was characterized by long rump length and shallow chest depth (Table 7) . These results imply that young horses that are large in the cannon bone and long in the body and rump show high performance ability in a pulling race.
In conclusion, the performance ability measured by earnings per race and time on the performance test were signi ficantly co rrel at ed to PC1 t hat was characterized by general body size. It is confirmed that a larger and heavier horse is able to pull a sleigh faster and earn more money than a smaller and lighter horse, but only about 40% of the total variation accounted for the performance of horses by general body size. This fact means that the body size is not the only important factor, but also some other factors such as the horse's character and training effort must be important. Tall and narrow horses characterized by PC2 or thick c a n n o n b o n e a n d s h o r t h i n d q u a r t e r h o r s e s characterized by PC3 have no advantage in the Banei race. Our findings support the notion that the selection of Banei draft racehorses for potential performance ability should be guided by attention to the general balance of body conformation rather than focus on any particular dimensional proportion of the body. Abbreviations of item are same as in Table 3 . + Cumulative proportion of eigenvalues. 45 -*, **, *** The factor has significant effect (*P<.05, **P<.01, ***P<0.001). PC1 to PC6 are abbreviations of principle component numbers one to six. + -of the last colum shows a positive and negative effect, respectively.
